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Consumption of undercooked or raw pork is considered a significant risk 
factor for human infection with Toxoplasma gondii. In this study, we investigated 
the genetic structure of 18 T. gondii strains obtained from slaughter pigs from 
Northern Serbia (mainly Vojvodina). The examined samples originated from eight 
pigs from large commercial farms, six backyard pigs and four free-range Man-
galica pigs, all found to be positive for either viable T. gondii or T. gondii DNA. 
Genotyping was attempted from both pig tissues and mouse brains from the bio-
assays using a multiplex multilocus nested polymerase chain reaction–restriction 
fragment length polymorphism (Mn-PCR-RFLP) method with seven markers 
(GRA6, аlt. SAG2, PK-1, BTUB, C22-8, CS3 and Apico). Identification was 
achieved for nine T. gondii isolates. Seven isolates were classified as type II and 
two as type III. These results are consistent with previous studies on animal iso-
lates from Serbia as well as with previous reports that type III is more frequently 
found in samples from Southern Europe than in those from other parts of the con-
tinent.  
Key words: Toxoplasma gondii, domestic pigs, Serbia, genotypes, Mn-
PCR-RFLP  
Toxoplasma gondii is a cosmopolitan zoonotic protozoan, clinically signif-
icant for its detrimental effect on the developing fetus, as well as an opportunistic 
pathogen that causes a severe disease in immunocompromised individuals.  
The consumption of raw or undercooked meat of infected animals has 
long been known as one of the main routes of human infection, and the consump-
tion of such pork is considered highly hazardous (EFSA, 2011). 
Despite sexual reproduction (genetic exchange) of T. gondii in its definite 
hosts (Felidae), isolates obtained from humans and animals throughout Europe 
and North America show a remarkably clonal structure, characterised by three 
                                            
*Corresponding author; E-mail: pavicic.ljiljana@gmail.com; Phone: 00381 (21) 485-3350 
 TOXOPLASMA GONDII GENOTYPES IN PIGS FROM SERBIA 205 
Acta Veterinaria Hungarica 67, 2019 
genetic lineages referred to as types I, II and III (Howe and Sibley, 1995). Type 
II has been shown to be dominant in human samples, while both types II and III 
are commonly found in animals (Sibley et al., 2009). In North America, a fourth 
clonal lineage (also referred to as haplogroup 12 or type 12) has been described, 
primarily in wildlife (Khan et al., 2011). On the other hand, in Africa, Asia and 
South America, a much greater genetic diversity is present, with frequent atypi-
cal and recombinant strains of T. gondii, probably due to a variety of wild felid 
species, which provide a fertile ground for genetic recombination (Dardé, 2008). 
In Serbia, most isolates obtained from human samples have been identi-
fied as type II, but one atypical strain has been detected (Djurković-Djaković et 
al., 2006; Štajner et al., 2013). In animals, genotyping of T. gondii strains isolat-
ed from pigeons, sheep and horses revealed both type II (pigeons and sheep) and 
type III (pigeons and horses) (Marković et al., 2014; Klun et al., 2017). In this 
paper, we present the first data on the T. gondii genotypes in pigs from Serbia. 
 
 
Materials and methods 
Samples. Samples from 18 slaughter pigs in which either viable T. gondii 
or T. gondii DNA was detected by mouse bioassay and PCR, respectively (Ku-
ruca et al., 2016, 2017), were used for strain genotyping. All pigs originated from 
the territory of Northern Serbia and all but one were from Vojvodina province. 
Eight of these pigs were raised on large commercial farms, six were backyard 
pigs and four were free-range pigs of the Mangalica breed (autochthonous to the 
area). Genotyping was attempted from pig diaphragm digests (or heart, in the 
case of the Mangalica) as well as from brains of the mice from the bioassay. 
Since only positive tissues (for either T. gondii cysts or DNA) were analysed, for 
some pigs only one type of sample (either pig tissue or mouse brain) was sub-
jected to genotyping. 
Molecular characterisation of T. gondii isolates. Genotyping was per-
formed by the multiplex multilocus nested polymerase chain reaction–restriction 
fragment length polymorphism (Mn-PCR-RFLP) method (Su et al., 2010) using 
seven markers. Markers and sequences of the corresponding primers are summa-
rised in Table 1. 
Reaction mixtures were prepared according to Su et al. (2006), with few 
modifications such as use of the commercial 2X PCR Master Mix (Thermo 
Fischer Scientific, Waltham, MA, USA). Briefly, multiplex PCR reaction was 
performed in a final volume of 25 µl mixture containing 12.5 µl of 2X PCR Mas-
ter Mix, 0.15 µM mixture of external forward (F) and reverse (R) primers for 
each marker, nuclease-free water and 1.5–3 µl of sample DNA. The primer mix-
ture consisted of equal volumes of 14 external primers (seven F and seven R) 
previously diluted to 0.15 µM. For the nested PCR reaction, a 25-µl mixture was 
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prepared separately for each marker and consisted of 12.5 µl of 2X PCR Master 
Mix, 0.30 µM of each internal primer, nuclease free water and 2–4 μl of amplifi-
cation product of the first Mn-PCR reaction. Details of the Mn-PCR-RFLP pro-
tocol, adapted to our choice of markers, are presented in Table 2. 
After amplification, the PCR products were digested with appropriate re-
striction enzymes. The digestion mixture consisted of 1–2 U of restriction enzyme, 
1X FD buffer (Fast Digest, Thermo Fischer Scientific, Waltham, MA, USA), nu-
clease-free water and 5 µl of Mn-PCR reaction product, in a 25-µl reaction vol-
ume. 
Mn-PCR-RFLP results were visualised by electrophoresis in 2.5% agarose 
gel stained with ethidium bromide and read against a 50-bp DNA ladder (Fer-
mentas, Thermo Fischer Scientific, Waltham, MA, USA). RH (type I), Me49 
(type II) and NED (type III) strains were used as positive controls and nuclease-
free water as negative control. 
 
Results 
After performing Mn-PCR-RFLP on T. gondii strains from 18 pigs (a total 
of 29 samples, of which 14 were pig tissue digests and 15 mouse brains), identi-
fication was achieved for nine isolates. Seven isolates were classified as type II 
and two as type III (Table 3). 
Due to the variations in the efficacy of Mn-PCR-RFLP observed between 
pig diaphragms and mouse brains from the corresponding bioassay, results are 
presented for the tissue type that amplified the best. When efficacy was equiva-
lent between the tissues, results obtained from pig tissues were chosen over the 
results from mouse brain. 
 
Discussion 
Genotyping of T. gondii performed in this study revealed the presence of 
both type II and type III strains in pigs from Northern Serbia. In some of the 
identified isolates, amplification of one or more markers failed, likely due to the 
insufficient amount of DNA in the sample (Vujanić, 2012). Lack of DNA was al-
so the probable reason why direct genotyping from pig tissues was successful in 
only two cases (Table 3, pigs NF48 and BM17). The abundance of T. gondii in 
tissues of naturally infected pigs may be less than 1 cyst per 50 g (Dubey et al., 
1996), and mouse bioassay may be necessary to increase the parasite load to a 
detectable level. In this study, the ‘boosting’ effect of the bioassay was particu-
larly evident in at least one instance (sample 6BM/14, Table 3), where genotyp-
ing from the pig tissue failed completely, whereas from the mouse brains, T. 
gondii DNA was extracted in amounts sufficient for the amplification of all sev-
en markers. 
 Acta Veterinaria Hungarica 67, 2019
 TOXOPLASMA GONDII GENOTYPES IN PIGS FROM SERBIA 207 
    
T
ab
le
 1
 
M
ar
ke
rs
 a
nd
 p
rim
er
 se
qu
en
ce
s u
se
d 
in
 M
n-
PC
R
-R
FL
P 
M
ar
ke
r 
C
hr
om
os
om
e 
no
. 
Ex
te
rn
al
 p
rim
er
s 
In
te
rn
al
 p
rim
er
s 
N
am
e 
Se
qu
en
ce
1  
N
am
e 
Se
qu
en
ce
2  
al
t. 
SA
G
2 
V
II
I 
al
t. 
SA
G
2(
f)
  
al
t. 
SA
G
2(
r)
 
G
G
A
A
C
G
C
G
A
A
C
A
A
TG
A
G
TT
T 
G
C
A
C
TG
TT
G
TC
C
A
G
G
G
TT
TT
 
SA
G
2-
Fa
 
SA
G
2-
R
a 
A
C
C
C
A
TC
TG
C
G
A
A
G
A
A
A
A
C
G
 
A
TT
TC
G
A
C
C
A
G
C
G
G
G
A
G
C
A
C
 
B
TU
B
 
IX
 
B
TU
B
(f
)  
B
TU
B
(r
) 
TC
C
A
A
A
A
TG
A
G
A
G
A
A
A
TC
G
T 
A
A
A
TT
G
A
A
A
TG
A
C
G
G
A
A
G
A
A
 
B
tb
-F
 
B
tb
-R
 
G
A
G
G
TC
A
TC
TC
G
G
A
C
G
A
A
C
A
 
TT
G
TA
G
G
A
A
C
A
C
C
C
G
G
A
C
G
C
 
G
R
A
6 
X
 
G
R
A
6(
f)
 
G
R
A
6(
r)
 
A
TT
TG
TG
TT
TC
C
G
A
G
C
A
G
G
T 
G
C
A
C
C
TT
C
G
C
TT
G
TG
G
TT
 
G
R
A
6-
F1
 
G
R
A
6-
R
1 
TT
TC
C
G
A
G
C
A
G
G
TG
A
C
C
T 
TC
G
C
C
G
A
A
G
A
G
TT
G
A
C
A
TA
G
 
C
22
-8
 
Ib
 
C
22
-8
(f
) 
C
22
-8
(r
) 
TG
A
TG
C
A
TC
C
A
TG
C
G
TT
TA
T 
C
C
TC
C
A
C
TT
C
TT
C
G
G
TC
TC
A
 
C
22
-8
F 
C
22
-8
R
 
TC
TC
TC
TA
C
G
TG
G
A
C
G
C
C
 
A
G
G
TG
C
TT
G
G
A
TA
TT
C
G
C
 
PK
1 
V
I 
PK
1(
f)
 
PK
1(
r)
 
G
A
A
A
G
C
TG
TC
C
A
C
C
C
TG
A
A
A
 
A
G
A
A
A
G
C
TC
C
G
TG
C
A
G
TG
A
T 
PK
1-
F 
PK
1-
R
 
C
G
C
A
A
A
G
G
G
A
G
A
C
A
A
TC
A
G
T 
TC
A
TC
G
C
TG
A
A
TC
TC
A
TT
G
C
 
C
S3
3  
V
II
a 
C
S3
-F
ex
t  
C
S3
-R
ex
t 
G
TG
TA
TC
TC
C
G
A
G
G
G
G
G
TC
T 
TG
TG
A
C
TT
C
TT
C
G
C
A
TC
G
A
C
 
C
S3
-F
 
C
S3
-R
 
A
G
C
G
G
A
TT
TC
C
A
A
C
A
C
TG
TC
 
C
TG
C
TG
C
A
TT
C
A
C
A
A
A
C
TC
C
 
A
pi
co
 
Pl
as
tid
 
A
pi
co
(f
) 
A
pi
co
(r
) 
TG
G
TT
TT
A
A
C
C
C
TA
G
A
TT
G
TG
G
 
A
A
A
C
G
G
A
A
TT
A
A
TG
A
G
A
TT
TG
A
A
 
A
pi
co
-F
 
A
pi
co
-R
 
G
C
A
A
A
TT
C
TT
G
A
A
TT
C
TC
A
G
TT
G
G
G
A
TT
C
G
A
A
C
C
C
TT
G
A
TA
 
1 S
u 
et
 a
l.,
 2
00
6;
 2 S
u 
et
 a
l.,
 2
01
0;
 3 P
en
a 
et
 a
l.,
 2
00
8;
 W
an
g 
et
 a
l.,
 2
01
3 
   
 Acta Veterinaria Hungarica 67, 2019 
208 KURUCA et al.
T
ab
le
 2
 
M
n-
PC
R
-R
FL
P 
pr
ot
oc
ol
 a
da
pt
ed
 fr
om
 S
u 
et
 a
l. 
(2
01
0)
 
M
ar
ke
r 
al
t. 
SA
G
2 
B
TU
B
 
G
R
A
6 
C
22
-8
 
PK
1 
C
S3
 
A
pi
co
 
Ex
te
rn
al
 p
rim
er
s 
al
t. 
SA
G
2 
EF
  
al
t. 
 S
A
G
2 
ER
 
B
TU
B
 E
F 
 
B
TU
B
 E
R
 
G
R
A
6 
EF
 
G
R
A
6 
ER
 
C
22
-8
 E
F 
C
22
-8
 E
R
 
PK
1 
EF
 
PK
1E
R
 
C
S3
-F
ex
t 
C
S3
-R
ex
t 
A
pi
co
 E
F 
A
pi
co
 E
R
 
M
ul
tip
le
x 
PC
R
 
 
 
4 
m
in
 9
5 
°C
 (1
×)
 
––
––
––
––
––
––
––
–
30
 s 
94
 °C
 
1 
m
in
 5
5 
°C
  (
30
×)
2 
m
in
 7
2 
°C
 
 
 
 
 
In
te
rn
al
 p
rim
er
s 
SA
G
2 
IF
 
SA
G
2 
IR
 
B
tb
 IF
 
B
tb
 IR
 
G
R
A
6 
IF
 
G
R
A
6 
IR
 
C
22
-8
 IF
 
C
22
-8
 IR
 
PK
1 
IF
 
PK
1 
IR
 
C
S3
-F
 
C
S3
-R
 
A
pi
co
 IF
 
A
pi
co
 IR
 
N
es
te
d 
PC
R
 
 
4 
m
in
 9
5 
°C
 (1
×)
 
––
––
––
––
––
––
––
– 
30
 s 
94
 °C
 
1 
m
in
 6
0 
°C
   
 (3
5×
) 
1.
5 
m
in
 7
2 
°C
 
 
 
 
4 
m
in
 9
5 
°C
 (1
×)
––
––
––
––
––
––
––
–
30
 s 
94
 °C
 
1 
m
in
 5
8 
°C
 (3
5×
)
1.
5 
m
in
 7
2 
°C
 
A
m
pl
ic
on
 si
ze
 
54
6 
bp
 
41
1 
bp
 
34
4 
bp
 
52
1 
bp
 
90
3 
bp
 
55
7b
p 
64
0 
bp
 
En
zy
m
e 
(is
os
ch
iz
om
er
1 )
 
M
bo
 I 
FD
2  
B
si
E 
I  
(B
sh
12
85
I)
 
M
se
 I 
 
(S
aq
A
 I)
  
FD
 
B
sm
A
 I 
 
(A
lw
26
 I)
  
FD
 
A
va
 I 
H
in
1 
II
 
A
fl 
II
  
(B
sp
T 
I)
  
FD
 
Ta
qI
 
TA
N
G
O
3  
M
bo
 II
 
R
sa
 I 
M
bo
 I 
D
de
 I 
 
(H
py
F3
I)
 
T 
(°
C
) 
37
 
37
 
65
 
37
 
37
 
37
 
37
 
37
 
Ti
m
e 
30
 m
in
 
1 
h 
30
 m
in
 
30
 m
in
 
30
 m
in
 
15
 m
in
 
30
 m
in
 
1 E
nz
ym
e 
th
at
 re
co
gn
is
es
 th
e 
sa
m
e 
nu
cl
eo
tid
e 
se
qu
en
ce
 a
nd
 c
ut
s a
t t
he
 sa
m
e 
lo
ca
tio
n 
as
 th
e 
‘o
rig
in
al
’ e
nz
ym
e;
 2 F
D
 =
 ‘f
as
t d
ig
es
t’ 
en
zy
m
e;
 
3 T
A
N
G
O
 b
uf
fe
r (
Th
er
m
o 
Sc
ie
nt
ifi
c)
, s
pe
ci
fic
al
ly
 d
es
ig
ne
d 
fo
r d
ou
bl
e 
di
ge
st
io
n 
w
ith
 n
on
-F
D
 e
nz
ym
es
 
 TOXOPLASMA GONDII GENOTYPES IN PIGS FROM SERBIA 209 
Acta Veterinaria Hungarica 67, 2019 
Table 3 
Toxoplasma gondii isolates successfully identified by MnPCR-RFLP analysis 
No. Sample  code 
Markers T. 
gondii 
Type 
Pig 
origin Tissue
a 
GRA6 аlt. SAG2 PK-1 BTUB C22-8 CS3 Apico 
1 NF56/112 II II NA NA NA NA II II F brain 
2 NO4/145 III III III III III NA III III B brain 
3 NF47/105 II II II II II II II II F brain 
4 NF48/59 III III NA III II NA III III F diaphragm 
5 NF51/66 II II II II II NA II II F brain 
6 NF52/108 II II II II II NA II II F brain 
7 BM17/113 NA II NA II II NA II II М diaphragm 
8 NF57/62 II II II II II NA II II F brain 
9 6BM/14 II II I/II II II II II II М brain 
F = farm, B = backyard/household, М = Mangalica; NA = not amplified; aBrain tissues originated 
from mice, whereas diaphragms originated from pigs 
 
The predominance of type II over type III in pigs from Serbia is in accord-
ance with the results of other studies from Europe, including most recent data 
from the Czech Republic (Slany et al., 2016), France (Djokic et al., 2016) and It-
aly (Bacci et al., 2015; Vergara et al., 2018). The results of this study are also 
consistent with those previously obtained for other animals from Serbia. Using 
the conventional PCR-RFLP method and a set of six genetic markers (SAG1, 
5'SAG2, 3'SAG2, GRA6, 5'GRA7 and 3'GRA7), two pigeon isolates, as well as 
one sheep isolate, were classified as type II, whereas one pigeon isolate was 
identified as type III (Marković et al., 2014). Type III has recently also been de-
tected in tissues of two slaughter horses, using microsatellite analysis with 15 
markers (Klun et al., 2017). The detection of type III isolates in two pigs in this 
study supports earlier findings of a greater representation of type III in the coun-
tries of Southern Europe (De Sousa et al., 2006; Dubey et al., 2006; Vergara et 
al., 2018). Due to the region’s (relative) geographical vicinity to Africa, it has 
been suggested that this may be a consequence of the spread (e.g. through bird 
migrations, transportation and trade of animals and goods etc.) of type III from 
Africa and/or other countries in which this type is frequent (Mercier et al., 2010; 
Shwab et al., 2014; Klun et al., 2017). 
It is interesting that only type II strains were isolated from the free-range 
Mangalica pigs, although such a production provides greater opportunity of com-
ing in contact with T. gondii, especially since they all originated from a special 
nature reserve, characterised by high biodiversity of flora and fauna. On the other 
hand, this finding may be due to the limited number of Mangalica pigs examined 
in this study and further research, involving more animals, is needed to better 
understand the T. gondii population structure in these pigs. 
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Another interesting observation is that one pig (NF48) from which type III 
was isolated originated from the same farm as the five pigs in which type II iso-
lates were identified, which suggests the circulation of two different types of T. 
gondii in the farm surroundings. Detection of different T. gondii lineages in pigs 
from the same farm has recently been reported by Vergara et al. (2018). 
In conclusion, this study presents the first data on the molecular character-
isation of T. gondii strains circulating in domestic pigs in Serbia. Detection of 
both type II and type III strains corroborates the findings of previous studies on 
animal isolates from this country. The presented results also add to the existing 
body of data that shows the predominance of type II over type III in animals 
from Europe, but also the more frequent detection of type III in Southern Europe, 
compared to other parts of the continent. 
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